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Abstract. The chemistry of 1,1’-bis(ortho-carborane) has rap-
idly developed in recent years since a convenient method was 
reported for its synthesis. Here we review the recent progress in 
this field with main emphasis on the synthesis of 1,1’-bis
(carborane)- based heterocycles and transition metal complexes 
as well as metallacarboranes. 
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1. INTRODUCTION 
1,1’-Bis(ortho-carborane) is comprised of two ortho-carborane 
units connected by a C-C bond. It was first prepared more than 
50 years ago via insertion of diacetylene into decaborane frame-
works [1,2], but remained practically unexplored until recently, 
when a new efficient synthetic route based on copper-mediated 
coupling of two parent ortho-carborane units was elaborated [3-
5] (Scheme 1). 
 
Similar to the parent ortho-carborane, the CH groups in 1,1’-bis
(ortho-carborane) have an acidic character and can be easily 
deprotonated with n-butyllithium to give the corresponding 
dilithium derivative that easily reacts with electrophilic reagents 
and metal chlorides resulting in various organic and organome-
tallic derivatives. 
The first examples of 1,1’-bis(ortho-carborane)-based metal 
complexes were reported 45 years ago by Hawthorne, who de-
scribed  reactions of its dilithium derivative with various transi-
tion metal chlorides. Thus, the reaction of the dilithium deriva-
tive of 1,1’-bis(ortho-carborane) with CuCl2 in diethyl ether 
results in stable yellow diamagnetic Cu(III) complex [Cu(κ2-
C,C‘-bCarb)2]
-, where the 1,1’-bis(ortho-carborane) moiety 
plays the role of five-membered C,C’-chelate ligand. The Cu
(III) complex can be reduced to the blue Cu(II) complex [Cu(κ2-
C,C‘-bCarb)2]
2- with Li metal in acetone or Zn metal in di-
chloromethane [6,7]. The Cu(III) complex was found to have 
distorted square planar structure (the angle between the chelate 
ligand planes is 26 º), whereas the structure of the Cu(II) com-
plex is intermediate between square planar and tetrahedral (the 
angle between the ligand planes is 54 º) [8] (Figure 1). The sim-
ilar reaction of the dilithium derivative with CoCl2 in diethyl 
ether produces the pale purple Co(II) complex [Co(κ2-C,C‘-
bCarb)2]
2- that can be oxidized to the black diamagnetic Co(III) 
complex [Co(κ3-C,C‘-bCarb)2]
- with CuCl2 in dichloromethane 
[7]. In both the Co(II) and Co(III) complexes, the cobalt atom 
has tetrahedral environment [8] (Figure 1), that in the last case 
is supplemented by the hydrogen atom of one of the adjacent 
BH vertices [9]. The reaction of the dilithium derivative of 1,1’-
bis(ortho-carborane) with NiCl2 in diethyl ether produces the 
orange-red Ni(II) complex [Ni(κ2-C,C‘-bCarb)2]
2- that can be 
oxidized to green Ni(III) complex [Ni(κ2-C,C‘-bCarb)2]
- with 
CuCl2 in dichloromethane [7]. The Ni(II) complex has distorted 
square planar structure (the angle between the ligand planes is 
26 º) due to the steric constraints of the bis(carborane) ligand [8] 
(Figure 1). The similar reaction of the dilithium derivative with 
ZnCl2 gives white bis(chelate) complex [Zn(κ
2-C,C‘-bCarb)2]
2- 
[7]. 
A similar approach was applied recently to the synthesis of 
mixed ligand complexes of transition metals. Thus, the reactions 
of the dilithium derivative of 1,1’-bis(ortho-carborane) with 
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Scheme 1 
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Figure 1. X-ray structures of [CoII(κ2-C,C‘-bCarb)2]
2- (a), [NiII
(κ2-C,C‘-bCarb)2]
2- (b), [CuIII(κ2-C,C‘-bCarb)2]
- (c) and [CuII(κ2
-C,C‘-bCarb)2]
2- (d). 
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[(dmpe)NiCl2] and [(dppe)NiCl2], where dmpe and dppe are 1,2
-bis(dimethylphpsphino)ethane and 1,2-bis(diphenylphosphino)
ethane, respectively, in tetrahydrofuran produce the yellow 
nearly square planar complexes [(dmpe)Ni(κ2-C,C‘-bCarb)] 
[10] and [(dppe)Ni(κ2-C,C‘-bCarb)] [10,11], respectively. The 
similar complexes of platinum [(dppe)Pt(κ2-C,C‘-bCarb)] and 
palladiun [(dppe)Pd(κ2-C,C‘-bCarb)] were prepared by the reac-
tion of the dilithium derivative with [(dppe)PtCl2] and [(dppe)
PdCl2], respectively [11] (Figure 2). 
The reactions of the dilithium derivative of 1,1’-bis(ortho-
carborane) with η5-pentamethylcyclopentadienyl complexes of 
iridium [Cp*IrCl2]2 and rhodium [Cp*RhCl2]2 in tetrahydrofu-
ran produce the coordinatively unsaturated green complexes 
[Cp*Ir(κ2-C,C‘-bCarb)] and [Cp*Rh(κ2-C,C‘-bCarb)], respecti-
vely (Figure 3). The iridium complex is stable in air in the solid 
state, but it reacts readily with CO to give 18-electron complex 
[Cp*Ir(CO)( κ2-C,C‘-bCarb)] [12]. 
The reaction of the dilithium derivative with [(p-cym)RuCl2]2, 
where p-cym is para-cymene, in tetrahydrofuran gives the or-
ange complex [(p-cym)Ru(κ3-C,C‘-bCarb)] in which an 18-
electron configuration of the metal atom is achieved via an 
agostic B-H→Ru interaction. The reaction of [(p-cym)Ru(κ3-
C,C‘-bCarb)] with CO affors the expected complex [(p-cym)Ru
(CO)( κ2-C,C‘-bCarb)] (Figure 4) [13]. 
 
 
 
 
 
 
 
 
 
 
 
 
The reaction of [(p-cym)Ru(κ3-C,C‘-bCarb)] with PPh3 results 
unexpectedly in facile displacement of the p-cymene ligand by 
PPh3 and change of the ligating mode for 1,1’-bis(ortho-
carborane) from C,C’- to C,B’- giving the yellow-orange com-
plex [(Ph3P)2Ru(κ
3-C,B‘-bCarb)] stabilized by agostic B-H→Ru 
bond from the C-bonded carborane moiety [13] (Figure 5). 
Reactions of [(Ph3P)2Ru(κ
3-C,B‘-bCarb)] with CO or acetonitri-
le result in the loss of one PPh3 ligand to give the corresponding 
octahedral complexes [(Ph3P)(CO)3Ru(κ
2-C,B‘-bCarb)] and 
[(Ph3P)(MeCN)3Ru(κ
2-C,B‘-bCarb)] (Figure 5) [13]. 
In a similar way, the reaction of [(p-cym)Ru(κ3-C,C‘-bCarb)] 
with dppe produces complex [(dppe)Ru(κ3-C,B‘-bCarb)]. The 
latter species reacts with CO or MeCN to give the correspon-
ding octahedral complexes trans-[(dppe)(CO)2Ru(κ
2-C,B‘-
bCarb)] and trans-[(dppe)(MeCN)2Ru(κ
2-C,B‘-bCarb)] (Figure 
6) [13]. 
The reaction of the dilithium derivative with [(4,4’-tBu2bpy)
PtCl2] in THF produces a mixture of the C,C’- to C,B’-bonded 
complexes [(4,4’-tBu2bpy)Pt(κ
2-C,C‘-bCarb)] and [(4,4’-
tBu2bpy)Pt(κ
2-C,B‘-bCarb)]. A similar reaction the dilithium 
derivative of 1,1’-bis(9,12-Et2-ortho-carborane) gives mainly 
the  C,B’-bound isomer (Figure 7) [11].      
The only example of a non-chelated complex bearing the 1,1’-
bis(ortho-carborane) ligand was obtained from the reaction of 
the dilithium derivative with [(Ph3P)AuCl] in tetrahydrofuran. 
In the solid state complex [{(Ph3P)Au}2(κ
2-C,C‘-bCarb)] has 
syn-conformation due to aurophilic Au-Au interaction of 3.119 
Å (Figure 8) [14]. 
Currently only a few purely organic derivatives of 1,1’-bis
(ortho-carborane) are known. 2,2’-Me2-1,1’-bis(ortho-
carborane) was prepared by the reaction of the dilithium deriva-
tive with methyl iodide [1], whereas the similar reaction with 
1,2-dibromoethane produces the ethylene-bridged derivative 
2,2’-μ-CH2CH2-1,1’-bis(ortho-carborane) [15]. The bis
(hydroxymethyl) derivative 2,2’-(HOCH2)2-1,1’-bis(ortho-
carborane) was prepared by the treatment of the dilithium deriv-
ative with formaldehyde in ether-benzene [16] (Scheme 2). 
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Figure 2. X-ray structures of [(dmpe)NiII(κ2-C,C‘-bCarb)] (a) 
[(dppe)NiII(κ2-C,C‘-bCarb)] (b), [(dppe)PtII(κ2-C,C‘-bCarb)] (c) 
and [(dppe)PdII(κ2-C,C‘-bCarb)] (d). 
Figure 3. X-ray structure of [Cp*Ir(κ2-C,C‘-bCarb)]. 
Sivaev I. / Vol. 4, N°3 (2016), 21-28 
Figure 4. X-ray structures of [(p-cym)Ru(κ3-C,C‘-bCarb)] (a) 
and [(p-cym)Ru(CO)( κ2-C,C‘-bCarb)] (b). 
  (a)     (b) 
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The bis(carborane) analogue of 9-fluorenol was obtained by the 
reaction of the dilithium derivative with ethyl formate [17] 
(Scheme 3). 
A series of heterocyclic derivatives of 1,1’-bis(ortho-carborane) 
with the phosphorus and arsenic bridges connecting two ortho-
carborane moieties were prepared by the reaction of the dilithi-
um derivative with the corresponding phosphorus and arsenic 
chlorides [18-21] (Scheme 4). 
The reaction of the monolithium derivative of 1,1’-bis(ortho-
carborane) with iPr2PCl in THF affords the corresponding phos-
phine 2-iPr2P-1,1’-bis(ortho-carborane) [22], whereas the simi-
lar reaction with the dilithium derivative is accompanied by B-
H activation of one carborane moiety and the subsequent intra-
molecular reductive cage-opening rearrangement [22,23]. 
Treatment of the dilithium derivative of 1,1’-bis(ortho-
carborane) with nitrosyl chloride NOCl in ether produces the 
very unstable blue bis(nitroso) derivative 2,2’-(NO)2-1,1’-bis
  (a)     (b)     (c) 
 
Figure 5. X-ray structures of [(Ph3P)2Ru(κ
3-C,B‘-bCarb)] (a), [(Ph3P)(MeCN)3Ru(κ
2-C,B‘-bCarb)] (b) and ), [(Ph3P)(CO)3Ru(κ
2-
C,B‘-bCarb)] (c). 
Figure 6. X-ray structures of [(dppe)Ru(κ3-C,B‘-bCarb)] (a), trans-[(dppe)(CO)2Ru(κ
2-C,B‘-bCarb)] (b) and trans-[(dppe)(MeCN)
2Ru(κ
2-C,B‘-bCarb)] (c). 
  (a)     (b)     (c) 
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  (a)     (b) 
     
Figure 7. X-ray structures of [(4,4’-tBu2bpy)Pt(κ
2-C,C‘-bCarb)] 
(a) and [(4,4’-tBu2bpy)Pt(κ
2-C,B‘-bCarb-9,12-Et2)] (b). 
Figure 8. X-ray structure of [{(Ph3P)Au}2(κ
2-C,C‘-bCarb)]. 
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(ortho-carborane) which easily undergoes cyclization with tenti-
tative formation of the corresponding cis-azodioxy derivative. 
The reactive nitroso derivative can be trapped with 1,3-
cyclohexadiene to give the products Diels-Alder cycloaddition 
as a mixture of meso- and rac-isomers [24] (Scheme 5). 
Reactivity of 1,1’-bis(ortho-carborane) is not limited by substi-
tution reactions at carbon atoms. The nucleophile-induced re-
moval of one boron atom (deboronation) from the parent ortho-
carborane and its derivatives resulting in the corresponding nido
-carboranes is widely used for preparation of carborane π-
Scheme 2 
Scheme 3 
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Scheme 4 
ligands in metallacarborane synthesis. In 1,1’-bis(ortho-
carborane) the both ortho-carborane moieties are susceptible to 
nucleophilic attack and can be stepwise  deboronated  under 
treatment with KOH in refluxing ethanol to give the corre-
sponding closo-nido and nido-nido species. The deboronation 
degree depends on the reagent ratio and the reaction time [25-
27] (Scheme 6). More recently mild selective deboronation of 
1,1’-bis(ortho-carborane) with water in organic solvents has 
been discovered. The deboronation of one closo-carborane moi-
ety is strongly facilitated by the presence of second strongly 
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electron-withdrawing closo-carborane moiety, whereas the de-
boronation changes the electronic effect of carborane moiety 
from electron-withdrawing to electron-donating and the second 
closo-carborane moiety left intact [28] (Scheme 6).   
Halogenation of the closo-nido bis(carborane) with N-
chlorosuccinimide, bromine or iodine was found to proceed at 
the less sterically hindered boron atom of the open pentagonal 
face of the nido-carborane moiety [28] (Scheme 7). 
The deprotonation of the closo-nido bis(carborane) with n-BuLi 
followed by treatment with [CpCo(CO)I2] results in orange [1-
(1’,2’-closo-C2B10H11-1’-)-3-Cp-3,1,2-closo-CoC2B9H10] metal-
lacarborane (Figure 9a), whereas the similar reaction with CoCl2 
and NaCp followed by aerial oxidation gives isomeric yellow  
[8-(1’,2’-closo-C2B10H11-1’-)-2-Cp-2,1,8-closo-CoC2B9H10] 
metallacarborane with the separated cage carbon atoms (Figure 
9b). It was demonstrated that no thermal isomerization of the 
3,1,2-isomer to the 2,1,8-isomer proceeds in refluxed toluene for 
5 h, however the isomerization can be achieved by the reduction 
of the 3,1,2-isomer with sodium naphthalenide followed by aeri-
+ 
Scheme 5 
al oxidation. It means that the 3,1,2-isomer is stable in the case 
of the Co(III) complex, whereas in the case of the Co(II) com-
plex it easily isomerizes to the 2,1,8-isomer [27]. 
Reactions of the deprotonated closo-nido bis(carborane) with 
nickel phosphine and phosphite complexes were widely studied. 
The reaction with [(dppe)NiCl2] results in a mixture of isomeric 
green [1-(1’,2’-closo-C2B10H11-1’-)-3-(dppe)-3,1,2-closo-
NiC2B9H10] and red-purple [2-(1’,2’-closo-C2B10H11-1’-)-4-
(dppe)-4,1,2-closo-NiC2B9H10] metallacarboranes (Figure 10a,b) 
[29]. The 4,1,2-isomer can be easily obtained by thermal isom-
erization of the 3,1,2-isomer in refluxing THF for 2 h. The simi-
lar reaction with [(dmpe)NiCl2] gives the yellow-orange 2,1,8-
isomer [8-(1’,2’-closo-C2B10H11-1’-)-2-(dmpe)-2,1,8-closo-
NiC2B9H10] (Figure 10c) [29]. 
Reactions of the deprotonated closo-nido bis(carborane) with 
[(Me3P)2NiCl2] and [(PhMe2P)2NiCl2] produce the expected 
green nickelacarboranes [1-(1’,2’-closo-C2B10H11-1’-)-3,3-
(RR’2P)2-3,1,2-closo-NiC2B9H10], as well as purple phosphoni-
um-substituted nickelacarboranes [1-(1’,2’-closo-C2B10H11-1’-)-
Scheme 6 
Sivaev I. / Vol. 4, N°3 (2016), 21-28 
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3,8-(RR’2P)2-3-Cl-3,1,2-closo-NiC2B9H9] and the corresponding 
10-phosphonium derivatives of the closo-nido bis(carborane) 
(Figure 11). The reaction with more sterically hindered phos-
phine complex [(Ph2MeP)2NiCl2] gives olive-green nickel com-
plex [2-(1’,2’-closo-C2B10H11-1’-)-4,4-(Ph3P)2-4,1,2-closo-
NiC2B9H10] as the result 3,1,2→4,1,2 isomerization [29]. 
The reaction of the deprotonated closo-nido bis(carborane) with 
[((MeO)3P)2NiBr2] produces the expected purple 
nickelacarborane [1-(1’,2’-closo-C2B10H11-1’-)-3,3-((MeO)3P)2-
3,1,2-closo-NiC2B9H10], whereas the similar reaction with com-
plex [Ni3(tmeda)3Cl5]Cl followed by addition of P(OMe)3 gives 
mainly yellow 2,1,8-isomer [1-(1’,2’-closo-C2B10H11-1’-)-2,2-
((MeO)3P)2-2,1,8-closo-NiC2B9H10] together with some amount 
of the 3,1,2-isomer (Figure 12) [29]. 
The reaction of the deprotonated closo-nido bis(carborane) with 
[(p-cymene)RuCl2]2 results in a mixture of yellow [1-(1’,2’-
  (a)     (b)   
   
Figure 10. X-ray structures of [1-(1’,2’-closo-C2B10H11-1’-)-3-(dppe)-3,1,2-closo-NiC2B9H10] (a), [2-(1’,2’-closo-C2B10H11-1’-)-4
-(dppe)-4,1,2-closo-NiC2B9H10] (b), and [8-(1’,2’-closo-C2B10H11-1’-)-2-(dmpe)-2,1,8-closo-NiC2B9H10] (c). 
Figure 9. X-ray structures of [1-(1’,2’-closo-C2B10H11-1’-)-3-Cp-3,1,2-closo-CoC2B9H10] (a) and [8-(1’,2’-closo-C2B10H11-1’-)-2-Cp
-2,1,8-closo-CoC2B9H10] (b). 
 Figure 11. X-ray structures of [1-(1’,2’-closo-C2B10H11-1’-)-3,3-(Me3P)2-3,1,2-closo-NiC2B9H10] (a), [1-(1’,2’-closo-C2B10H11-1’-)
-3,8-(Me3P)2-3-Cl-3,1,2-closo-NiC2B9H9] (b), [1-(1’,2’-closo-C2B10H11-1’-)-3,3-(PhMe2P)2-3,1,2-closo-NiC2B9H10] (c), and [7-
(1’,2’-closo-C2B10H11-1’-)-10-PhMe2P-7,8-nido-C2B9H10] (d). 
  (a)     (b)     (c) 
  (a)     (b)     (c)      (d) 
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closo-C2B10H11-1’-)-3-(p-cymene)-3,1,2-closo-RuC2B9H10] 
(Figure 13a) and colorless [8-(1’,2’-closo-C2B10H11-1’-)-2-(p-
cymene)-2,1,8-closo-RuC2B9H10] (Figure 13b) metal-
  (a)     (b)  
  
Figure 12. X-ray structures of [1-(1’,2’-closo-C2B10H11-1’-)-3,3
-((MeO)3P)2-3,1,2-closo-NiC2B9H10] (a) and [1-(1’,2’-closo-
C2B10H11-1’-)-2,2-((MeO)3P)2-2,1,8-closo-NiC2B9H10] (b). 
  (a)     (b)  
 Figure 13. X-ray structures of [1-(1’,2’-closo-C2B10H11-1’-)-3-
(p-cymene)-3,1,2-closo-RuC2B9H10] (a) and [8-(1’,2’-closo-
C2B10H11-1’-)-2-(p-cymene)-2,1,8-closo-RuC2B9H10] (b). 
lacarboranes. In contrast to the cobalt complex, the 3,1,2-
ruthenacarborane undergoes thermal isomerization to the 2,1,8-
isomer in refluxing THF solution for 2 h [27]. 
Syntheses of some other 2,1,8-metallacarboranes [8-(1’,2’-closo
-C2B10H11-1’-)-2,2-(Ph3P)2-2-H-2,1,8-closo-MC2B9H10] (M = 
Rh [26], Ir [30]) have been reported earlier.  
The reaction of the nido-nido bis(carborane) with [(cod)Rh
(PEt3)Cl] in refluxing THF results in a mixture of dark blue 
complex [3-Et3P-3,1,2-RhC2B9H10-1-]2 with the Rh-Rh bond 
(Figure 14a) and red asymmetric complex [2-(2’,2’-(Et3P)2-2’-H
-2’,1’,8’-RhC2B9H10-8’-)-3-(η
3-C8H13)-3,1,2-RhC2B9H10] 
(Figure 14b) [31,32]. 
The remarkable progress in the study of 1,1’-bis(ortho-
carborane) reactivity during the last years has made this field 
one of the most rapidly developing areas in the carborane chem-
istry [33]. 
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Figure 14. X-ray structures of [3-Et3P-3,1,2-RhC2B9H10-1-]2 (a) 
and [2-(2’,2’-(Et3P)2-2’-H-2’,1’,8’-RhC2B9H10-8’-)-3-(η
3-C8H13)
-3,1,2-RhC2B9H10] (b). 
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